We investigate how the proximity to multinational exporters influences the creation of new export linkages (extensive margin of trade) by domestic firms in China. Using panel data from Chinese customs for 1997-2007, we show that domestic firms' capacity to start exporting new varieties to new markets positively responds to the export activity of neighboring foreign firms for that same product-country pair. The impact is sizable.
Introduction
There is growing evidence that most of Chinese export rise is due to foreign firms. The share of foreign enterprises in China's exports has increased dramatically from 26 percent in 1992 to 57 percent in 2007 (China Statistical yearbook, 2008 . This domination is even stronger for high technology products. The share of foreign firms in Chinese exports of high technology products rose from 68 percent to 84 percent over the same period. Several studies argue that foreign firms, typically engaged in processing trade, fully drive the skill content upgrading of Chinese exports (Amiti and Freund, 2010; Xu and Lu, 2009 ). 1 Amiti and Freund (2010) find in particular that the skill content of China's manufacturing exports remains unchanged once processing trade is excluded. On the other hand, estimations of growth equations indicate that income gains from export performance and export upgrading are confined to improvements made by domestic firms. Jarreau and Poncet (2011) find that the positive association between GDP per capita growth and export sophistication at the province level is limited to ordinary export activities undertaken by domestic firms. These results, together with those emphasized by Amiti and Freund (2010) , suggest that export activities of foreign firms in China do not matter for economic growth of Chinese provinces, once domestic exports have been controlled for.
However, while there are no direct gains from foreign firms export upgrading, there may still be room for indirect effects of foreign firms on domestic ones through emulation or export spillovers. By favoring the entry of domestic firms on export markets for more sophisticated goods, foreign firms could have an indirect impact on GDP per capita growth in Chinese provinces. This is the mechanism we explore in the present paper, focusing on the possibility that foreign firms act as export catalysts and foster the creation of new export transactions by domestic firms. From a descriptive point of view, our data suggests that such a mechanism is plausible: in province/sector pairs where the growth rate of domestic firms' export sophistication between 1997 and 2007 is above the median, new export (product/country) transactions of domestic firms are more often associated with the presence of foreign firms exporting the same product to the same country. In 2007 for example, the joint probability to observe a new export transaction by domestic firms and positive exports of the same product to the same country by foreign firms the year before is 8.44% in province/sector pairs where domestic firms' export 1 Xu and Lu (2009) find that previous results on the insignificant role of foreign firms and processing trade on Chinese export sophistication (Wang and Wei, 2010) may be due to the heterogeneity of Foreign Direct Investment (in terms of origin and contract form). They find that FDI matters for China's exports upgrading when it originates from OECD countries and consists of wholly foreign owned enterprises. sophistication grew more rapidly over the period, versus 7.89% for the other province/sector pairs.
We pay particular attention to the nature of these potential foreign export spillovers. We first assess whether export spillovers between foreign and domestic firms operate across products and destination countries, or at a more specific level in terms of exported products and geography of exports. We then investigate whether both ordinary and processing trade activities generate and benefit from export spillovers. Finally, we explore the existence of potential heterogeneous impact of foreign export spillovers depending on the sophistication of exported products.
We use panel data from Chinese customs for years 1997 to 2007 recording export flows by product, destination country, type of firms and type of trade at the province level. We show that domestic firms' capacity to start exporting new products to new markets positively responds to the export activity of neighboring foreign firms for that same product-country pair. These export spillovers are thus very specific both in terms of activity and in terms of geography of exports. We observe that both the presence of foreign exporters and the scale of their export activities have a positive impact on domestic starts. The latter effect (intensive margin) is however smaller in magnitude than the former (extensive margin of export spillovers). Positive effects of exposure to foreign exporters mainly apply to ordinary export activities of domestic firms, in coherence with ordinary trade being the main domestic firms' mode of entry on export markets. Also, foreign export spillovers are mainly linked to foreign ordinary trade activities.
The impact of foreign processing trade activities is much less significant. This is in line with the idea that ordinary trade is related to activities that are more embedded in the Chinese industrial context. Finally, export spillovers are much stronger for more sophisticated products (as measured by the Hausmann, Hwang and Rodrik (2007) sophistication index). The size of the effect is not negligible. If 7.5% only of domestic starts over the period are associated with positive exports by foreign firms the year before, the marginal impact of this foreign presence is five times as large as a 10% increase in the demand for the product in the destination country.
Moreover, foreign export spillovers are more pronounced when the technology gap between foreign and domestic firms is not too large, suggesting that upgrading may not occur when foreign firms have already a strong edge. Put together with the results of Jarreau and Poncet (2011) , our analysis suggests a possible indirect impact of foreign export activities on provincial growth.
Our work contributes to several strands of the literature. First, it goes much further in the comprehension of the mechanisms underlying export spillovers. Very few theoretical studies exist on this topic. While possible channels are information externalities, cost-sharing opportunities and mutualized actions on export markets, the question remains mainly empirical. However, given the high degree of aggregation of the data available so far, most existing studies do not really allow inferences on these channels. We believe that the analysis of different dimensions of heterogeneity of export spillovers is a promising avenue to improve our understanding of the mechanisms at work and to open the "black box" of these spillovers. In this respect, our study proposes a very fine assessment of how export spillovers operate, giving insights for future theoretical research on the topic. Our analysis is also valuable for policy-makers interested in tailoring fine-tuned export promotion policies based on spillovers between domestic and foreign firms. Secondly, our paper complements existing studies on the role of foreign firms in the evolution of Chinese exports. Beyond foreign firms' activities per se, it highlights the externality foreign firms can exert on domestic ones regarding the stimulation of the extensive margin of trade, through the creation of new export transactions. These spillovers being more intense for more sophisticated products, our results might explain the positive association found in the literature between foreign presence and unit values of domestic exports (see Harding and Smarzynska Javorcik (2011) in developing countries and Chen and Swenson (2009) specifically on China). We thus provide a new mechanism explaining upgrading of domestic exports. Finally, our paper contributes to the literature on the determinants of growth in China, and more generally in countries that are very open to FDI. By showing that export externalities mostly apply to ordinary trade activities, it points at the limited role of export-platform activities for the promotion of Chinese domestic firms' export performance. Moreover, Jarreau and Poncet (2011) having shown that only the sophistication of ordinary domestic exports matters for provincial growth, our results suggest an indirect impact of foreign exports on local growth, and cast doubt on the effectiveness of local development strategies based on attracting foreign firms that would be confined to processing trade activities.
The rest of the paper is organized as follows. Section 2 reviews the literature and section 3 describes the data, our empirical approach, and our measure of export spillovers. Section 4 presents and discusses our results. Section 5 concludes.
Literature review
Since the pioneering study of Caves (1974) , the existence of FDI spillovers has been widely investigated (Crespo and Fontoura, 2006) . Most studies, whether applied to China or not, have focused on spillovers from foreign to domestic firms in terms of productivity. The empirical evidence surveyed in Görg and Greenaway (2004) and Blomström and Kokko (1998) is mixed.
In the Chinese context, while several articles suggest a significant and positive impact of foreign presence on domestic firms' productivity (Cheung and Lin, 2004; Liu, 2001; Li et al., 2001; Hu and Jefferson, 2002) , argue that the effect disappears when the various sources of estimation biases are controlled for (aggregation bias, selection bias, downward bias in standard errors). Lu et al. (2010) find a positive impact of foreign firms on domestic firms' output for geographically close enough multinationals only.
Here, we concentrate on another source of benefits stemming from foreign presence, export spillovers. We investigate the possibility that the surrounding presence of foreign exporting firms helps domestic ones to create new trade transactions (extensive margin of trade). We especially seek to understand what drives the diversification of domestic exports into new and more sophisticated products. In the economic literature, growing evidence has emerged on positive export spillovers from foreign to domestic firms. In a pioneer study, Aitken et al. (1997) find that the export decision of local firms in Mexico in the period 1986-1990 is positively influenced by the proximity to multinational exporters, even after controlling for the overall industrial activity in the region and for local export concentration. The role of foreign firms as "catalysts" for domestic exporters has been confirmed by Kneller and Pisu (2007) on UK data and Kemme et al. (2009) on India. 2 By contrast, Barrios et al. (2003) do not find clear evidence of such export spillovers from foreign firms in Spain, while Ruane and Sutherland (2005) find that the export intensity of foreign-owned enterprises is negatively associated with the export decision and export intensity of domestic firms in Irish manufacturing. They argue that this result suggests that no (and even negative) export spillovers derive from third-country export-platform FDI. This prediction bodes ill for China where foreign firms are mostly engaged in processing trade.
However, it is noteworthy that existing papers use rather aggregated industry-level information (2-digit to 4-digit ISIC) instead of fine product-level customs nomenclature. Moreover, none of these papers exploits the information on the destination country of exports. Yet, export spillovers have been shown to be stronger when product and destination specific. Based on French firm-level export data, Koenig et al. (2010) show that export spillovers are magnified when they are product and destination specific, while they are not significant when considered on all products-all destinations (they do not however decompose export spillovers into those stemming from foreign firms and those originating from domestic ones). The level at which export spillovers are investigated might consequently explain conflicting results in the literature.
The data we use for China allow us to enter into the details of export activities both in terms of products and in terms of destination countries. We are thus able to assess the nature of these foreign export spillovers.
We think that this line of empirical research is not only further refinement of existing results, but that it provides crucial insights on the mechanisms at play with export spillovers.
Most papers on export spillovers are empirical. The only theoretical work we are aware of is the one by Krautheim (2010) , pointing at a reduction of the fixed export cost thanks to the endogenous formation of informational networks between exporting firms. In our context, being close to foreign exporters may facilitate the flow of export-specific information, valuable to domestic firms seeking international outlets for their products. A fine assessment of foreign export spillovers, in terms of export activities or destination countries, could help in opening the "black box" and fuel further theoretical research on the topic. Such empirical work is also necessary for the design of adequate export promotion policies that would aim at boosting externalities between firms. The kind of actions public authorities will favor and the kind of actors they will rely on to promote externalities will not be the same if export spillovers are linked to the exported product or to the destination country for example. Our study further departs from the previous literature by looking at the decision to start exporting, and not just the export status. Focusing on the creation of new export linkages is consistent with our interest in the impact of FDI as a catalyst for upgrading the export portfolio of domestic firms.
In the context of China, three studies (Ma, 2006; Swenson, 2008; Chen and Swenson, 2009) investigate export spillovers emanating from foreign firms. Ma (2006) studies how the probability that a province exports in a given 2-digit SITC industry relates to the contemporaneous foreign export activity concentration in this industry. Her probit estimations over the period 1993-2000 suggest some positive link. Swenson (2008) focuses on the city-level value (or count) of the new HS2 product trade transactions made by private firms between 1997 and 2003. She finds a positive impact of same HS2 foreign export value (or count) in the previous year. Finally, Chen and Swenson (2009) show that, within a HS2 product-category, the number of new trade transactions is positively influenced by the level of exports or the count of export transactions made by multinational firms at the HS2-city level. Consistently with their focus on the count of 6 new export transactions, these papers re-aggregate the data and measure export spillovers at a broader activity level (less than 100 HS2 categories). Moreover, these papers do not investigate directly the specificity of foreign export spillovers with respect to the destination country of exports. Our methodology is different; we do not explain the number of new trade transactions within a given HS2 product category, but we directly investigate the determinants of entry of domestic firms on export markets for a given HS4 product and a given destination country.
Doing so, we are able to exploit data at a finer level, both in terms of activities and in terms of geography of exports. HS2 categories might be heterogeneous and the informational needs to enter on export markets might be country-specific (technical regulations, specific consumers tastes etc.), as already emphasized on French data (Koenig, 2010 , Koenig et al. 2011 ). Consequently, our approach allows us to investigate important dimensions that have been overlooked so far.
We are moreover interested in the heterogeneity of foreign export spillovers depending on the degree of sophistication of exported products. Our analysis is in this respect complementary to studies on the quality of domestic firms' exports. However, they do not find any impact on the sophistication of domestic exports. Our paper is applied to China, the country that everyone has in mind when thinking of the capacity to rapidly upgrade in international markets. Also, contrary to most studies, the Chinese data allow to focus not only on FDI per se but on export activities of foreign companies. Based on the city-product level, Chen and Swenson (2009) suggest that proximity to multinational firms is associated with higher quality (unit value) of new export transactions by domestic private Chinese traders. Bloningen and Ma (2010) find nevertheless that the share of foreign firms in Chinese exports by product category as well as the ratio of foreign to domestic unit values are increasing over time, both results running against the idea that Chinese firms are catching up.
Our focus is different. By investigating the role of the presence of foreign exporting firms on the creation of new trade links by domestic firms, we are more interested in the extensive margin of export upgrading: if foreign export spillovers are stronger for more sophisticated HS4 products, and if more sophisticated products are more expensive, part of the impact measured by Chen and Swenson (2009) on HS2 unit values might be linked to the heterogeneous foreign export spillover effect we highlight.
Finally, our study is related to the analysis of the determinants of Chinese economic growth. 7
A very recent paper by Jarreau and Poncet (2011) shows that the sophistication of domestic exports positively affects GDP per capita growth at the province level. On the contrary, the sophistication of foreign firms exports does not seem to matter for local growth, once domestic exports are taken into account. While we could have concluded from these results that foreign exporting firms have no effect on local growth, our paper points at a possible indirect role of multinational firms, via domestic export emulation on provincial growth.
Data and indicators

Trade data sources
The main data source is a database collected by the Chinese Customs. It contains Chinese export flows aggregated by province, year, product and destination country, over the period 1997-2007. 3 In our estimations, we explain the creation of new export linkages based on a product classification at the 4-digit level. The HS 4-digit level is a fine level of disaggregation. As an illustration, the chapter 91 (2-digit), which corresponds to clocks and watches and parts thereof, is decomposed into 14 different 4-digit products, differentiating wrist-watches in precious metal from wrist-watches in base-metal, alarm clocks, wall clocks, and time registers. "Components" disentangles clock movements, watch cases and watch straps. An interesting feature of this dataset is that it allows to identify whether export flows emanate from domestic or foreign firms 4 , and correspond to processing trade or ordinary trade. 5 Processing trade includes all trade flows by firms operating in the assembly sector, that is, importing inputs to process them in China and to re-export the final products (these producers benefit from a preferential tax regime on imported inputs). We can imagine that firms engaged in this kind of activity are less embedded in their local environment, and consequently generate less (and possibly benefit less from) externalities.
Explained variable: creation of new export linkages
We investigate the determinants of new export transactions by Chinese domestic firms. We measure the creation of a new export transaction as a dummy which takes the value 1 if domestic firms in province i start exporting product k to country j at time t + 1, and 0 otherwise. We construct a specific database, incorporating the set of alternatives faced by each province. For a given province, these are defined as the product-country pairs for which we observe at least one export start over the period 1997-2007.
For these province-product-country triads, we thus have originally a balanced panel from 1997 to 2007, covering 220 countries and 1213 HS4 products. As reported in Table 1 , it includes 1,050,516 observations each year, resulting in a total of 11,551,716 (province/product/country/year) observations over the period 1997-2007. Around 32% of our observations correspond to strictly positive export flows by domestic firms. As emphasized in Table 2 , 1,268,768 observations out of the 11,551,716 observations of the entire database correspond to domestic starts, that is to provinces where domestic firms do not export product k to country j at time t but do export at time t + 1. We are precisely interested in these domestic starts, i.e. series of zeros followed by a decision to start exporting. Consequently, as in Koenig et al. (2010) , ceasing and continuing export flows are not explained. In the end, given our time span, for a given province-product-country triad, we can have several starts. For example, the subsequent export statuses 00011001111 become in our sample .001..01..., with . denoting a missing value. This choice is motivated by our interest in the creation of new export transactions by domestic firms in Chinese provinces rather than in their export status.
Since our estimations will include province-product-country fixed effects, taking into account a broader definition of possible exported products or destination countries would not change the final sample used for the estimations, since the behavior of province-product-country triads for which we observe positive export flows or null export flows every years of the period would be perfectly explained by the fixed effect.
Empirical approach
Our estimations focus on the impact of foreign firms' export activities on the creation of new trade linkages by Chinese domestic firms. The creation of a new linkage (product k/country j) by domestic firms of province i at year t + 1 is regressed on our proxy of foreign export spillovers in the previous year t and on various controls (measured in t and in t − 1) following a gravity-type equation. The relation we want to bring to data is the following:
As emphasized in the next subsection, our identification of foreign export spillovers in China relies on a conditional logit estimation and all regressions include fixed effects at the provinceproduct-destination country level η ikj . Year fixed effects µ t are also added to control for aggregate shocks on Chinese export activities. The foreign export spillovers are thus identified based on the within (time) dimension of our data, time invariant aspects such as bilateral trading distance, product specificity, province geography, being in this way controlled for. The conditioning set Z is described below in Section 3.4. It is made of three categories of variables.
First, following the gravity literature, we control for demand side determinants of new export linkages. Second, we control for supply side determinants by introducing proxies for provincial and Chinese comparative advantages and export intensity. Third, since we are worried that the decision to start exporting by domestic firms captures the intrinsic dynamics of exports at the product level or country level, we include the lag of all the variables described above that aim at capturing local and Chinese export intensity at the product or destination country level.
The lag of foreign demand is also included to control for specific dynamics on the demand side.
Foreign export spillovers and control variables
We explain the probability that domestic firms in province i start exporting product k to country j in year t + 1 on various characteristics of the province i, product k and country j at time t. To do so, we adopt a logistic estimation framework. The structure and the determinants of international trade flows are now commonly studied using gravity equations. We detail in this section the explanatory variables we take into account in this gravity framework.
Foreign export spillovers
Our focus is on export spillovers, which are assumed to reduce the bilateral fixed export cost.
There are two channels through which export spillovers can act. On the one hand, foreign firms can bring specific information on export markets, valuable to domestic firms to pay their fixed export cost (information about the tastes of foreign consumers, on the distribution networks abroad etc.). On the other hand, it could be the case that foreign export spillovers are linked to the mutualization of some fixed export costs (participation to international fares, marketing etc.). In both cases, export spillovers are linked to the presence of foreign exporters per se and/or to the value of exports by foreign firms. It is particularly important to disentangle the two aspects (mere presence and export intensity of surrounding foreign firms) when the number of zeros for the spillover variable is high. We will thus decompose foreign export activities in a province, when necessary, into a dummy that identifies the presence of foreign exporters and the log of the value of exports made by foreign firms. 6
We follow Koenig et al. (2010) and consider different types of spillovers. Depending on the type of information needed to enter successfully on export markets, the export spillovers could be destination specific, product specific or both. For a given triad province-product-destination country ikj, we thus decompose spillovers in four non-overlapping components: product (HS4) and destination country specific (foreign exports in province i of product k to country j), country specific (foreign exports in province i of other products than k to country j), product specific (foreign exports of product k to countries other than j) and general spillovers (foreign exports of other products than k to other countries than j). As displayed in Table 1 , 11.5% of the observations in our balanced sample have non-null product-country specific foreign export flows. The share rises to 26% if we consider observations for which domestic firms report positive exports. As emphasized in Table 2 , when we focus on domestic starts, 7.5% of them occur while foreign firms in the province were exporting the same product to the same country the year 6 Actually log(1+value of foreign firms' exports) to account for null export flows.
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before. Table 12 in the Appendix indicates that the proportion is 69.8% when considering foreign exports of the same product to other countries and 88.63% when looking at foreign exports of other products to the same country.
In our estimations, the coefficient on the various spillovers variables will capture the net effect of the positive externalities described above and of some possible negative effects, such as the pressure exerted by foreign firms on local labor markets, which might increase wages (as highlighted by Hale and Long (2008) for skilled workers in China), or congestion effects linked to the saturation of transport infrastructures for example.
Time-invariant determinants of exports
Several determinants, invariant across time, can explain the ability of firms in province i to export product k to country j, whether they are domestic or foreign. Not controlling for these determinants would bias our estimation of foreign export spillovers. First, province i can have better transport infrastructure or better endowments, which will impact on the export performance of domestic firms located in province i, whatever their activity and the countries they trade with. It can also affect the attractiveness of the province in terms of FDI and the ability of foreign firms to export. Second, province i can have specific relationships with country j, due to distance, to migrants networks, to the presence of a common border, to specific business partnerships between provincial authorities and country j etc. Again, these non-observed determinants, specific to the dyad ij, can influence the export performance of both domestic and foreign firms. Third, province i can have a comparative advantage in product k, due to a specific ability developed over time or to specific development strategies implemented by local authorities. This would affect the export activities of both domestic and foreign firms.
In order to take into account these unobserved determinants of export performance of domestic and foreign firms at the local level, we introduce a fixed effect for each province i-product k-destination country j triad.
This empirical strategy raises some issues about the interpretation of our results on export spillovers.
First, given the definition of our dependent variable, the inclusion of the fixed effect means that we are in reality interested in the timing of entry: conditioning on the fact that domestic firms of province i start exporting product k to country j over the period, we relate the year of entry to the evolution of export activities of foreign firms in the province. However, we still prefer using a discrete-time model rather than a continuous-time duration model. Indeed, Persson (2010, 2011) show, about the symmetric issue of ceasing import flows, that in the case of large annual trade datasets with many short-lived trade relationships, continuous-time methods -such as Cox models -perform poorly as compared to discrete-time specifications with adequate controls.
Second, our empirical approach exploits the within dimension of our data and is thus focused on short-run determinants of the entry on export markets. Concretely, we study how the creation of export linkages by domestic firms in t + 1 can be explained by the activity of surrounding foreign exporters in year t, once time-invariant province-product-country fixed effects are controlled for. More specifically, the impact of foreign export activities on domestic export transactions is estimated, within a given province-product-country triad, thanks to the apparition and/or size variations of export activities managed by foreign firms over the period. These province-product-country triads for which there is no change in foreign export activities act as some kind of control groups. This focus makes entirely sense since we observe an important volatility in the presence of domestic firms on export markets at the provinceproduct-destination country level, suggesting the existence of short-run determinants of entry at this very detailed level of analysis. However, the impact of foreign firms could be different in the long-run: a positive impact of foreign exporters on the probability that domestic firms start exporting in the short-run could become null or negative in the long-run if foreign firms exert a competitive pressure on local wages or on foreign markets, forcing domestic firms to exit export markets more rapidly. However, in the case of China, Chen and Swenson (2009) show that the presence of foreign exporters positively impacts on the duration of new export flows, casting doubt on the existence of strong negative effects of foreign firms in the long-run.
Time-varying determinants of exports
So far, our empirical approach does not account for time-varying determinants of the entry on export markets, such as the foreign partner's demand. We need to account for the demand capacity of the destination country at the product level, which may determine simultaneously foreign and domestic export performance. We thus control for the destination country's import value defined at the 4-digit product level, taken from the BACI world trade dataset. 7 Our regressions will also include the GDP per capita of the importing country. 8
Although the province-product-destination country fixed effects control for time-invariant specific ability of province i for product k, they do not account for the possible reshaping of China's comparative advantages during its rapid economic transformation and liberalization over the period 1997-2007, among which the entry in WTO. To control for time varying comparative advantages, we further introduce the log of province total export sales, provinceproduct export sales and China-product export sales in year t. Since we also include year fixed effects that account for the evolution of total Chinese exports, controlling for these variables amounts to introducing the elements of a Balassa index of "revealed comparative advantage" at the province-product level. Indeed, the Balassa index is calculated as follows:
where X denotes exports. An increase of the Balassa index reflects an increased comparative advantage of province i in product k, with respect to the rest of China. Since we introduce the elements of the Balassa separately, each of them controls for the fact that a potential positive association between the export activity of foreign firms and the probability that domestic firms start exporting simply reflects a specific ability of the province or of China. We also introduce total bilateral exports of province i to country j and total Chinese bilateral exports to country j to control for specific relationships between the province/China and the destination country.
This is important given the use of business and trade agreements by Chinese authorities to manage their diplomacy. Finally, we also control for province GDP per capita to take into account supply-side determinants of exports such as workers' skills. 9
We also need to make sure that our measure of multinational presence does not proxy for omitted specific dynamics in local comparative advantages or in foreign demand at the product-level or destination country-level. Indeed, China has grown dramatically over the period 1997-2007 and the entry of domestic firms on foreign markets could be driven not only by current comparative advantages but by specific trends. We thus include the lagged value of all four variables described above (HS4 world demand of country j, total exports of the province, product-level exports of the province, country-level exports of the province in t − 1).
We also include the lagged value of China's exports at the product level and the lagged value of China's exports at the destination level to account for overall Chinese dynamics specific to the product and the destination country respectively.
Last, in order to further verify that our foreign export spillovers are not simply proxying 9 Provincial GDP per capita are taken from the China Statistical yearbooks.
14 for export spillovers among domestic firms or for past export experience of domestic firms, we further control for the local export activities undertaken by domestic firms in year t. By construction, since we look at the creation of new linkages at the product-country level, there is no export activity by domestic firms of the province in the previous year for the given productcountry pair. However, we need to account for export activities in other products for the same country, in other countries for the same product and in other products and other countries respectively. We control for this by introducing the value of exports of product k, the value of exports to country j and the value of exports of other products to other countries realized by domestic firms from province i at time t. 10 However, the interpretation of these variables is less direct than for foreign firms. Indeed, the nature of our data does not allow to assess whether the effect of these variables is linked to spillovers between different domestic firms, or to scope economies within the same firm.
4 Estimation of foreign export spillovers 4.1 Nature of foreign export spillovers
We explore in this section the existence and the nature of foreign export spillovers in China. We rely on a conditional logit estimation. We successively estimate in Table 3 the impact of four different spillover variables, in increasing order of specificity, controlling for the demand in the destination country and for supply-side determinants of exports in the province and in China the year before the creation of a new export linkage by domestic firms. Moulton (1990) showed that regressing individual variables on aggregate variables could induce a downward bias in the estimation of standard-errors. All regressions in this table and the following are thus clustered at the province level.
We first use as a proxy for foreign export spillovers the value of exports by foreign firms.
In column 1, we rely on the most aggregated measure of local foreign export activity, the total value of exports by foreign firms (all products-all destinations). This general spillover variable is weakly significant and enters negatively. This might be due to crowding out effects, or to an accounting issue : since we also control for total exports in province i in year t, the higher the share of foreign firms in these exports, the less probable the entry of domestic firms on foreign markets the following year. In column 2, we focus on country-specific spillovers (all products-same destination), while in column 3, we rely on a product-specific measure (same product-all destinations). These two spillover variables attract a negative sign, but the coefficient is very close to zero and not significant. In column 4, we use the most precise measure of foreign spillovers (same product-same destination). Interestingly, the product-country spillover variable is positive and significant at the 1% confidence level, attesting that the entry of domestic firms on export markets for product k and country j in year t + 1 is positively influenced by export activities of foreign firms for product k and country j in year t.
To further assess the specificity of export spillovers, we decompose in column 5, for a given province-product-destination country triad ikj, the overall export value of foreign firms from province i in its four complementary components: exports of the same product k to the same country j, exports of the same product k to other countries, exports of other products to the same country j and exports of other products to other countries. In this column, we also control for the dynamics in demand-side and supply-side determinants of entry on export markets by introducing relevant controls in t − 1. With this specification, the country/product specific spillover measure is the only one to be positive and significant. Column 6 adds a final category of controls to ensure that the measured impact of foreign export spillovers does not simply reflect spillovers among domestic firms or past experience of domestic firms on export markets for product k or country j. Indeed, scope economies across destinations or across products may be at work for domestic exports. If the export performance of domestic firms on a destination country j (for other products than k) is correlated to foreign export performance, and if it explains the entry of domestic firms for the product-country pair kj, our estimation of foreign export spillovers will then be biased. We thus decompose past export performance of domestic firms in province i into three non-overlapping variables: domestic exports of product k to countries other than j, exports to country j of products other than k and exports of other products to other countries. Our main result holds: the coefficient on foreign productcountry specific export spillovers even slightly increases to reach 0.023. Local foreign exports of product k to other countries enter with a positive and significant coefficient, but very small in magnitude (0.004). Results are qualitatively the same when the sample is restricted to durable starts, defined as export starts followed by positive export values for at least two consecutive years, and when we use as a proxy for foreign activities a dummy indicating the presence of positive foreign export flows (see Tables 9 to 11 in the Appendix). 11 Given the large number of zeros, we investigate in Table 4 the appropriate way to account for foreign export spillovers. Indeed, in only 4.2% of the final sample observations 12 do we observe positive foreign export flows for the product-country specific spillovers variable. Column 1 reproduces column 6 of Table 3 . We then adopt two strategies to deal with the issue of zero foreign trade flows. First, we verify that our results hold when restricting our sample to cases where we observe non-zero foreign presence for product k and country j in year t (column 2). In this subsample, the average probability of new linkage creation by domestic firms rises from 21.9 to 38 % (as reported at the bottom of the columns). Also, the size of the coefficient increases and is equal now to 0.043 (column 2). In column 3, we further restrict our sample to province/product/country triads for which positive foreign exports are observed in 1997 (the first year of the sample). Overall, despite the reduction in the number of observations (100442 in column 2 and 66585 in column 3) our finding of a positive and significant impact of the product-country specific spillovers variable is confirmed.
The second way to deal with the zero foreign export flows, which is used in the rest of the paper, is to conserve the full sample and to decompose foreign export activities into the mere presence of foreign exporters for a given product-country pair, as measured by a dummy, and the value of their exports. Doing so, we are able to assess whether the impact detected in Table 3 is due to a switch in foreign export activities (from no export to positive exports) or to changes in the scale of exports realized by foreign firms. Disentangling what is due to the scale of foreign export activities from the more general impact of the presence of foreign exporters 13 is important when the number of observations for which we observe positive foreign export flows is small compared to the number of observations for which foreign export flows are null. Results in column 4 show that both margins of spillovers have actually a positive impact on domestic starts. This specification does not affect our results on the other dimensions of foreign export activities.
Ordinary versus processing trade
Our results suggest so far that Chinese firms benefit from foreign export spillovers, but at a very specific level: the probability that domestic firms start exporting product k to country j is positively associated with surrounding foreign firms' exports of the same product to the same country the year before. Other foreign export activities have overall no significant or a very marginal impact.
However, one remaining question is whether the results hold when we account for the important role of processing trade. Indeed, since firms engaged in processing trade "simply" import inputs and re-export a transformed product, we can imagine that they are less embedded in their direct environment and consequently generate less externalities. In Table 5 , we consider separately the two trade regimes (ordinary and processing). First, to identify whether export spillovers affect differently the creation of new linkages depending on the trade regime used by domestic firms, we study separately ordinary (ODT) export linkages creation (columns 1 and 2) and processing (PCS) export linkages creation (columns 3 and 4). Specifications in columns 1 and 3 focus on product-country specific foreign export spillovers (captured both with the dummy accounting for the presence of positive foreign export flows and with the export value), controlling for the overall activity of foreign exporters (all destinations and all products) in 13 By contrast, the share of null values for other (more aggregated) foreign export spillovers is very small, suggesting that the issue is restricted to product and country spillovers. It is respectively 0, 13.4 and 31.5% for other products/countries, same country/other products and same product/other countries spillovers. In unreported results, we nevertheless check that our results are unaffected when using this same approach (including both the presence dummy and the value) to study the impact of foreign export spillovers for other products and/or other destinations. Our results on the export spillovers for other products and countries confirm that there is, on average, no cross-products or cross-markets benefits from foreign export activities on the creation of a new export linkage by domestic firms. the province. In columns 2 and 4, overall export value of foreign firms from province i is decomposed into its four complementary components: exports of the same product k to the same country j, exports of the same product k to other countries, exports of other products to the same country j and exports of other products to other countries. Interestingly, results in columns 1 and 2 focusing on domestic starts in ordinary exports are virtually similar to the ones looking at total exports suggesting that export spillovers mainly apply to ordinary export activities of domestic firms. Only in that case, both the presence of foreign exporters and their export value are statistically and economically significant. By contrast, as reported in columns 3 and 4, when the domestic starts are restricted to processing trade, foreign export activities have almost insignificant predictive power on the likelihood that domestic firms create new trade linkages (the dummy is significant at the 10% level only while the coefficient on the value of exports is not significant at all). Moreover, processing trade appears to be a marginal trade regime for domestic firms compared to ordinary trade (289,940 observations for the former and 4,161,535 observations for the latter). It seems thus that processing and ordinary trade activities are driven by different determinants.
In columns 5 and 6, we focus on export starts for domestic firms engaged in ordinary trade and decompose our foreign export spillovers into the two trade regimes (ordinary and processing). Our results suggest that foreign export spillovers mainly derive from ordinary export activities of foreign firms. For this latter trade regime, the presence of foreign exporters and the size of their export flows have both a positive impact on export starts by domestic firms.
In the case of foreign processing activities by contrast, the dummy is significant at the 10% confidence level only while the value of exports has no significant impact anymore. These results are in line with previous findings on the heterogenous impact of export upgrading depending on trade type. Jarreau and Poncet (2011) show for example that sophistication of foreign exports has no impact on provincial GDP per capita growth, and thus argue that processing exports performance must not be taken as signaling a process of technological adoption in China, but rather as an artefact due to China's participation in the increasing fragmentation of production processes.
Column 7 takes into account foreign ODT activities only and is our benchmark regression. 20 and c indicate significance at the 1%, 5% and 10% confidence level.
How big are foreign export spillovers in China?
Several thought experiments can help to have an idea of the magnitude of the foreign export spillovers measured so far.
We first focus on results obtained on the whole sample of observations in Tables 3 and 4 .
Consider a province where there are no firms, neither foreign nor domestic, exporting product k to country j at year t and another province, where there are foreign firms exporting product k to country j, but in negligible quantities. As measured in column 4 of Table 4 , the sole presence of foreign exporting firms raises the probability that domestic firms start exporting product k to country j in t + 1 by 11.96% in the latter province as compared to the former. 14 Considering the average probability to start exporting in the sample, equal to 21.9%, as a reference, the presence of foreign firms exporting product k to country j increases the average probability that domestic firms in the province start exporting the same product to the same country in t + 1 by 2.62 percentage point. It is true that only 7.5% of domestic starts are associated with foreign exports for the same product-country pair the year before. However, the marginal impact of this presence is big. Indeed, if we refer to results presented in column 6 of Table 3 , the presence of foreign exports of product k to country j at time t has a marginal impact which is more than seven times bigger than a 10% increase of the GDP per capita of the destination country in t,
and more than five times bigger than a 10% increase in total imports of product k by country
As summarized in Table 13 , the marginal impact of the value of foreign exports is by contrast much more modest, since a 10% increase in the value of foreign exports of product k to country j raises the probability that domestic firms start exporting the same product to the same country by 0.1%, i.e. by 0.02 percentage point. 16
In the end, when we focus on ordinary trade activities for both foreign and domestic firms, the presence per se of foreign firms exporting product k to country j increases the average probability that domestic firms in the same province start exporting this product to this country by 1.78 percentage point 17 . This is almost five times bigger than a 10% increase in the GDP per capita of the destination country, and more than three times bigger than a 10% increase in the product-destination country total imports. A 10% increase in the value of foreign exports increases the average probability that domestic firms start exporting by 0.03 percentage point 18 . Table 6 performs several robustness checks aimed at verifying that our results are not driven by potential remaining estimations biases or by the presence of potential outliers. We rely on our preferred specification, in which in line with previous results, we restrict our attention to the impact of ordinary export activities by foreign firms on ordinary export starts of domestic firms. Foreign export spillovers are apprehended using its four complementary components: exports of the same product k to the same country j, exports of the same product k to other countries, exports of other products to the same country j and exports of other products to other countries. For the product-country specific dimension we account simultaneously for the presence of foreign exporters and their export value. While column 1 reproduces the baseline regression, in columns 2 and 3, we check that the foreign export spillovers we measure are not due to the fact that China is the main supplier for some product-country pairs. We thus drop product-country pairs for which China accounts for more than 45% and 85% respectively of total imports. Thresholds at 45 and 85% correspond to the top quartile and top decile respectively of the distribution of China's share in total imports of product k by country j. 19 Our results on foreign export spillovers are not qualitatively modified.
Robustness checks
We also verify that our results are not driven by the main exporting provinces. In column 4, we exclude from our sample the observations for the three main exporters (Guangdong, Shanghai and Jiangsu). These three provinces account for around 60% of China's total exports over the period. Results are again qualitatively the same. Benchmark results are thus not specifically linked to these outward-oriented locations.
Some sectors have experienced dramatic changes over the period 1997-2007. In particular, the entry in WTO and the end of the Multi Fibre Agreement have resulted in massive reductions in tariffs and quotas for clothing, textile and footwear sectors (HS2 codes 50 to 67), which may explain jointly the surge in both domestic and foreign exports. In column 5, we drop these sectors from the estimation sample and we observe that our results remain unaffected.
In columns 6 and 7 we make an attempt to verify that our results do not simply reflect the role of round-tripping. Since we have no information on the country of origin of the foreign firms, we are not capable of excluding foreign firms which ownership is mainly from Hong Kong, Macao or Taiwan, and hence may in fact simply be Chinese domestic firms. We adopt a different and more drastic approach and exclude all trade flows to "Greater China" destinations (Hong Kong, Macao and Taiwan) in column 6.
In column 7, we further exclude export flows originating from Guangdong, since this province is well-known for playing a major role in round-tripping due to its proximity to Hong Kong. As can be seen, the results remain the same. Despite the sharp reduction in sample size induced by some of these various restrictions, we thus confirm the positive and significant impact of foreign export spillovers limited to the same product/destination case.
The inclusion of various controls for the evolution of comparative advantages and trade relationships between China and other countries might however not control for all the productspecific shocks that affect both foreign and domestic exports (technology shock, product regulations etc.). This is why column 8 reproduces column 1 adding product-year fixed effects defined at the HS2 level. Results are obtained from a linear probability model since it was impossible to account in a logit model for both the province-product-country triadic fixed effects and for product-year fixed effects. We find that the product-country foreign export spillovers resist the inclusion of product-year fixed effects. Note that the coefficient on the presence of foreign exporters, equal to 1.2%, can be directly interpreted in this linear probability regression as a marginal impact; it is reduced compared to the marginal impact of foreign exporters presence measured in the baseline specification but still significant.
Finally in the last column of Table 6 , we add province-year fixed effects in order to account for the fact that export strategies may change over time across provinces and for all possible idiosyncratic shock at the province level. We again verify that our results hold and are qualitatively the same. 
(3) (4)
(6)
(8) and c indicate significance at the 1%, 5% and 10% confidence level.
5 Export spillovers and product sophistication
We now investigate the potential heterogeneity of export spillovers depending on the sophistication of exported products and the sophistication gap between foreign and domestic firms. This is an important issue. One argument often advanced by policy-makers to justify policies aiming at attracting FDI is that foreign firms may help domestic ones to improve their processes, to adopt technology and then to increase their productivity and upgrade the quality of their products. Jarreau and Poncet (2011) show that the export sophistication of domestic exports is favorable to provincial growth, but not the sophistication of foreign exports. However, if the export spillovers generated by foreign firms are stronger for more sophisticated products, this would be consistent with an indirect impact of foreign firms' export activities on local income growth. Moreover, recent papers by Chen and Swenson (2009) and Harding and Smarzynska-Javorcik (2011) emphasize the positive impact of FDI on unit values of domestic exports, and thus on export upgrading. Stronger foreign export spillovers for more sophisticated products would provide an explanation of these results.
Foreign export spillovers and product sophistication
In Table 7 , we check whether the magnitude of foreign export spillovers depends on the product sophistication level. As in the previous section, we focus on domestic starts and foreign exports in ordinary trade. We follow Hausmann, Hwang and Rodrik (2007) and assume that each good k that a country can potentially produce and export has an intrinsic level of sophistication 20 associated to it, P RODY k , which is the weighted average of the income levels of this good k's exporters:
where x jk is the value of exports of good k by country j, X j is the total value of country j's exports and Y j is the per capita level of income of country j, measured as the real GDP per capita, in 2000 PPP dollars. The bigger share a given good k weighs in the exports of rich countries, the higher its P RODY , the more sophisticated it is.
We compute the product(HS4)-level sophistication index for the year 1997, 22 the initial year 20 While Hausmann, Hwang and Rodrik (2007) use the word "productivity" to describe sophistication at the good level, we prefer terms like sophistication, high quality or technological advancement. 21 The numerator of the weight, x jk /X j , is the value-share of the commodity in the country j's overall export basket while the denominator of the weight, j (x jk /X j ), aggregates the value-shares across all countries exporting the good and normalizes the weights sum to 1. 22 The choice of 1997, the first year of our sample, as reference year aims at reducing the likelihood of any bias of our sample, using export data from BACI and income levels from the World Development Indicators. The average sophistication value of goods exported by China across the 1213 exported HS4-products in 1997 is 12813$, with a minimum of 971 and a maximum of 32000$. 23
In Table 7 , we use two alternative cut-offs. Regressions 1 and 2 rely on the value of 13796$ which is the median of our sample. Regressions 3 to 4 use a lower value, equal to 11000$.
Both cut-offs provide a similar message: export spillovers are systematically stronger for higher product sophistication levels. When we consider results obtained in regressions 1 and 3, the sole presence of foreign exporters increases the probability that domestic firms start exporting sophisticated product k to country j in year t + 1 by 8.11 to 8.98% with respect to the average productivity to start exporting, i.e. by 1.75 to 1.94 percentage point. Foreign presence has no impact per se for less sophisticated products. As reported in Table 13 , the difference in the marginal impact of foreign exports value between both samples is negligible (0.10 to 0.12%, i.e. 0.02 to 0.03 percentage point for sophisticated products, and 0.18 to 0.19%, i.e. 0.04 percentage point for less sophisticated ones).
This result is suggestive that foreign export spillovers can be beneficial to the upgrading of Chinese domestic exports. At least, the positive impact of foreign exporters is not restricted to products of low sophistication level, which could have resulted in a "low-sophistication" trap for domestic exporters.
in the index. As explained by Hausmann et al. (2007) , it is important to use a consistent sample of countries since non-reporting is likely to be correlated with income. Thus, constructing PRODY for different countries over different years could introduce serious bias into the index. In addition, the choice of 1997 helps to ensure that the index is not affected by the rise of China in international trade (or by any other evolution of world trade structure over the period). We nevertheless checked that our results remain when computing sophistication for the year 2007. 23 The statistical distribution of sophistication value is reproduced in Figure 1 and c indicate significance at the 1%, 5% and 10% confidence level.
Foreign export spillovers and exports sophistication gap
We now investigate another dimension of the possible impact of foreign exports on domestic exports upgrading. For foreign spillovers to have a role in sophistication upgrading of domestic exports, they should be stronger when foreign firms have an advance on domestic ones in terms of sophistication. However, in order to benefit from the experience of foreign firms, the activity of domestic firms might need to be quite similar to the one of foreign firms. It is indeed likely that large technological distance reduces the capacity for domestic firms to benefit from export spillovers, due to limited absorption capacity. Consistently with the theoretical model of Rodriguez-Clare (1996) , Havranek and Irsova (2011) find in a meta-analysis on technology spillovers from FDI that the positive impact of foreign firms presence on domestic firms' productivity is greater when generated by investors that have a slight technological advantage over local firms.
One way to measure the distance between the goods produced by foreign and domestic firms is to compare their degree of sophistication. In Table 8 , we thus investigate the potential heterogeneous impact of foreign export spillovers depending on the sophistication gap between foreign and domestic exporters. This gap is computed at the province-HS2 level for the year 1997 as the ratio of foreign over domestic average export sophistication. Average province-HS2 level sophistication for each firm ownership type is computed as the export-weighted average sophistication of HS4-products within the HS2 category.
The median value of this foreign-domestic sophistication gap over the 1715 province-HS2 pairs was 1.008 in 1997. 24 To verify that export spillovers are not restricted to cases where foreign exporters display no technological advantages over local firms, we split our sample depending on whether the ratio of sophistication level between foreign and domestic entities is lower (column 1) or higher (column 2) than one.
We find that spillovers are stronger when the HS4-products exported by foreign firms of the province are on average as sophisticated or more sophisticated than the products exported by domestic firms (column 2 compared to column 1). In this case, the presence of foreign exporters increases the average probability that domestic firms start exporting a given product k to country j by 9.76% (i.e. 2.11 percentage point). The presence of foreign firms per se has no significant effect when domestic firms of the province export products that are more sophisticated than foreign firms' exported products. In columns 3 to 6, we further split the sample of column 2 depending on the level of exports sophistication gap between foreign and domestic firms. We use two alternative values for the sophistication ratio, 1.07 (which corresponds to the median value of the sophistication gap when it is higher than 1) and 1.09. Interestingly, we find that the export spillovers effect is much higher and more significant when foreign exporters have a slight technological advantage only over domestic firms. The marginal impact measured of foreign presence lies between 11.52% and 12.30% (i.e. between 2.53 and 2.72 percentage point), significant at the 1% level, when the sophistication gap is not too high. It lies between 6.72% and 7.25% (i.e. between 1.42 and 1.54 percentage point), significant at the 10% level only, when the sophistication gap is bigger. Regarding the marginal impact of the foreign exports value, the difference between both samples is again negligible (0.02 percentage point when the sophistication gap is small (columns 3 and 4) versus 0.03 when it is big (columns 5 and 6)).
Overall, our results suggest that the magnitude of foreign export spillovers is greater when the average difference in sophistication between foreign and domestic firms is positive but not too high. Our results are in line with theoretical and empirical evidence on technology spillovers from FDI obtained by Rodriguez-Clare (1996) and Havranek and Irsova (2011) . This last finding suggests that the optimistic result obtained previously about the magnification effect of export spillovers with product level sophistication should be qualified. While proximity to foreign exporters can help domestic exporters to create new export linkages, especially for sophisticated products, this is restricted to instances where the technological advantage of foreign firms is not too high. and c indicate significance at the 1%, 5% and 10% confidence level.
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We investigate how the creation of new export linkages (extensive margin of trade) by domestic firms in China is influenced by their proximity to multinational exporters. Using panel data from Chinese customs for the period 1997-2007, we show that domestic firms' capacity to start exporting new varieties to new markets positively responds to the export activity of neighboring foreign firms for that same product-country pair. Weak or no foreign export spillovers are detected when other dimensions of export activities of foreign firms are considered (other destination countries, other products). This is coherent with preceding results obtained by Koenig et al. (2010) for France and indicates that externalities in terms of exports operate at a very detailed level of activities. We also find that foreign export spillovers mainly emanate from ordinary trade activities and benefit to ordinary export starts of domestic firms. The marginal impact of this spillover on the probability of entry is sizable, between three and five times as large as a 10% increase in the demand for the product in the destination country. More, export spillovers are stronger for sophisticated products, indicating that proximity to foreign exporters may help domestic exporters to upgrade their exports. However we observe that foreign export spillovers are weaker when the technology gap between foreign and domestic firms is large, suggesting that upgrading may not occur when foreign firms have already a strong edge. Heteroskedasticity-robust standard errors are reported in parentheses. Standard errors are clustered at the province level. a , b and c indicate significance at the 1%, 5% and 10% confidence level. to the increase in the average probability that domestic firms start exporting in a product/country pair when foreign firms' exports are positive for this product/country pair (first row) and when foreign firms' exports rise by 10% (second row).
